Yet, in some particular cases (e.g., bioconjugation with oligonucleotides or polysaccharides; modifications of living cells), copper catalysis was found to be an issue. 6 Thus, within the past few years, the search for metal-free "click" reactions was intensified. For example, Bertozzi and co-workers reported an elegant strain-promoted approach for performing azide-alkyne cycloadditions in the absence of any transition metal. 7 These reactions are bio-orthogonal and proceed generally in high yields. 6 In addition, several other reactions such as thiol-ene addition, 8 tandem [3þ2]-cycloaddition-retro-Diels-Alder, 9 cycloaddition of nitrones and maleimides, 10 hetero Diels-Alder cycloadditions, 11 and nucleophilic substitution of pentafluorostyrene 12 have been described. These interesting reactions broaden the palette of available "click" tools for polymer synthesis. In the present communication the isoxazole generating 1,3-dipolar cycloaddition of nitrile oxides and alkynes was investigated (Scheme 1). Synthetically this is an interesting option, and further, the isoxazole ring, present in numerous bioactive compounds, has many possible modes of action with biological molecules. 13 Similarly to the azide/alkyne cycloaddition, this reaction belongs to the general category of Huisgen cycloadditions.
14 Yet, in the absence of any transition-metal catalyst, nitrile oxide/alkyne cycloadditions seem more advantageous than their azide/alkyne counterparts. Indeed, these reactions can be performed at relatively mild temperatures and are usually highly regioselective. 13, 15, 16 If needed, these cycloadditions can also be efficiently catalyzed by copper-or ruthenium-based complexes. Fokin and co-workers recently demonstrated that interesting features such as ultrafast kinetics or "on demand" regiospecificity can be attained with appropriate catalysts. 17 Nevertheless, almost all the characteristics of a "click"-reaction 3 can be met by uncatalyzed nitrile oxide/alkyne cycloadditions as recently demonstrated in the preparation of isoxazole modified oligonucleotides 18 and steroidal glycoconjugates. 16 Thus, these promising reactions were studied herein for modifying the chain-ends of synthetic polymers.
Well-defined R-ω-telechelic model polymers were prepared by atom transfer radical (co)polymerization (ATRP) of oligo-(ethylene glycol methacrylate)s. We previously evidenced that this particular class of monomers allow the construction of interesting water-soluble macromolecules. 19 For instance, thermoresponsive polymers exhibiting a lower critical solution temperature (LCST) in water or physiological media can be easily prepared by copolymerization of short oligo(ethylene glycol methacrylate)s.
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The R-alkyne functional polymers P1 and P2 ( Figure 1 ) were synthesized via solution ATRP of oligo(ethylene glycol methacrylate)s initiated by a trimethylsilyl-protected alkyne initiator and subsequent deprotection. 21 The formed copolymers were characterized by 1 H NMR spectroscopy, SEC and turbidimetry. The copolymer P1 exhibited a number average molecular weight of 15000 g 3 mol , a narrow molecular weight distribution (M w /M n =1.18) and a cloud point at 39°C in pure water. The homopolymer P2 also exhibited a well-defined molecular structure (M n =10000 g 3 mol
; M w /M n =1.12). Moreover, for both samples, 1 H NMR spectral data confirmed the presence of R-alkyne end-groups. In particular, for P1, diagnostic signals for the methylene protons H b and the alkyne proton H a appeared at 4.61 ppm and 2.46 ppm respectively (Figure 2 and ESI) .
The hypothesis that nitrile oxide-alkyne click chemistry offers a robust tool for chain-end polymer functionalization was tested on the polymers P1 and P2. A range of low molecular weight nitrile oxides were used for the 1,3-dipolar cycloaddition. In all cases, the nitrile oxide was prepared in situ from the oxime precursor ( Figure 1 ) and chloramine-T was selected as the dipole generating agent. 22 The reactions were conducted at room temperature, under atmospheric conditions, in aqueous solvents. After cycloaddition and purification, the modified polymers were characterized using 1 H NMR spectroscopy, SEC and turbidimetry. In all cases, nearly quantitative reaction yields were obtained (Table 1) . Indeed, the characteristic proton of the alkyne function disappeared in all NMR spectra and was replaced by new R-chain-end signals (Figure 2 and ESI). For instance, characteristic signals of the 3,5-disubstituted isoxazole moiety could be observed in all spectra with the 4-H ring proton resonating at approximately 6.50 ppm (d 4 in Figure 2 ) and the adjacent methylene protons at 5.20 ppm. Significantly, in all cases, the 1 H NMR spectra of the reaction products failed to provide evidence for the formation of any of the regioisomeric 3,4-disubstituted isoxazole.
Thus, only one signal is observed for the methylene protons adjacent to the isoxazole ring and while it could be argued that the methylene protons of the 3,5-and 3,4-isomers resonate as a single peak at 5.20 ppm, this scenario is unlikely. Further, the 5-H isoxazole ring proton (d 5 in Figure 2 ) would be expected to resonate somewhere in the region of 7.50-8.50 ppm. 17, 23 Again, it could be construed that in some spectra this signal could possibly be masked by other aromatics signals. Significantly, in all spectra, the relative integrals of the signals representing the 4-H-isoxazole proton (d 4 ) and the methylene protons were in the expected 1H/2H ratio.
Hence, these experimental results suggest that the cycloaddition reaction is highly regioselective and possibly regiospecific. Nevertheless, it should not be ruled out that a small fraction of regioisomeric 3,4-disubstituted isomer was formed in these experiments. However, if existing, these structures cannot be detected with standard polymer analytics. In addition, SEC and turbidimetry measurements confirmed that the properties of the polymers P1 and P2 were unchanged after nitrile oxide/alkyne cycloaddition. Before and after modification, the polymers exhibited the same molecular weight, molecular weight distribution and aqueous properties. 24 In conclusion, the 1,3-dipolar cycloaddition of nitrile oxides and alkynes seems to be an efficient "metal-free" tool for functionalizing well-defined biocompatible polymers. Indeed, at room temperature, in polar medium, and in the absence of transition metal catalyst, these reactions proceed in high yields and are highly regiospecific. Hence, these cycloaddition appear as promising options for macromolecular engineering and polymer bioconjugation. Table 1 ).
